ABSTRACT: Children born with very low birth weight (VLBW) are at risk of impaired growth. We aimed to study VLBW survivors (90.8%) born in 1998/1999 in the state of Baden-Württemberg (n ϭ 2103) for whom growth data were available up to age six. Classification as appropriate for gestational age (AGA) or small for gestational age (SGA) depended on size at birth. Models to predict height SDS at 5 y were developed using data for 1 yr (Model 1) and 2 yrs (Model 2). The data of 1320 (63%) children were available: SGA: n ϭ 730, AGA: n ϭ 590. At 6 yrs, 8.3% AGA and 13.4% SGA children were short (ϽϪ2.0 SDS). The following factors explained Ht SDS at 5 (and 6) yrs (order of importance): (a) Model 1 (n ϭ 1033; R 2 ϭ 0. A lthough the frequency of premature births has risen during the last decades, the number of surviving babies has risen due to improved perinatal care. This holds particularly true for children with very low birth weight (VLBW; BW Ͻ 1500 g), as their survival rate has reached about 90% (1). Several reports have shown more frequent impairments in growth development in this group in comparison to other prematurely born children with higher birth weights (2-9). After Barker and colleagues established that low birth weight was a major determinant of mortality and morbidity in adult life (10), overwhelming evidence became available from epidemiologic studies which show that impaired birth weight is associated with a higher prevalence of the metabolic syndrome. It has therefore been hypothesized that an impairment in prenatal growth influences the long-term "metabolic programme" of an individual. Several authors have reported that children born small for gestational age (SGA) showed impaired growth in contrast to children whose birth length was appropriate for gestational age (AGA). However the main group studied in these reports involved either children with birth weights higher than 1500 g (11-14) or VLBW children born earlier than 1990 (3, 5, 6, 15, 16) . Our study of VLBW children was aimed at investigating growth development from birth until early school age and at identifying the factors to predict their height development during childhood. The two birth cohorts we studied derived from the state birth register in Baden-Württemberg in Germany for the years 1998 and 1999, respectively.
A lthough the frequency of premature births has risen during the last decades, the number of surviving babies has risen due to improved perinatal care. This holds particularly true for children with very low birth weight (VLBW; BW Ͻ 1500 g), as their survival rate has reached about 90% (1) . Several reports have shown more frequent impairments in growth development in this group in comparison to other prematurely born children with higher birth weights (2) (3) (4) (5) (6) (7) (8) (9) . After Barker and colleagues established that low birth weight was a major determinant of mortality and morbidity in adult life (10) , overwhelming evidence became available from epidemiologic studies which show that impaired birth weight is associated with a higher prevalence of the metabolic syndrome. It has therefore been hypothesized that an impairment in prenatal growth influences the long-term "metabolic programme" of an individual. Several authors have reported that children born small for gestational age (SGA) showed impaired growth in contrast to children whose birth length was appropriate for gestational age (AGA). However the main group studied in these reports involved either children with birth weights higher than 1500 g (11) (12) (13) (14) or VLBW children born earlier than 1990 (3, 5, 6, 15, 16) . Our study of VLBW children was aimed at investigating growth development from birth until early school age and at identifying the factors to predict their height development during childhood. The two birth cohorts we studied derived from the state birth register in Baden-Württemberg in Germany for the years 1998 and 1999, respectively.
METHODS

Population.
The state of Baden-Wuerttemberg represents about 10% of Germany's geographical area and approximately 13% of its population. According to the state birth register, there were 108,000 births in 1998 and 111,000 in 1999 (17) . Of these, 2316 VLBW babies were born and 2103 (90.8%) of them survived (1) . There are 30 neonatal intensive care units (NICU) in Baden-Wuerttemberg, including four university hospitals; and all excepting two small units participated in our study (see Acknowledgements).
Data collection. In 2004, birth and follow-up data were available for 2040 (97%) surviving children born VLBW. Parents were sent a questionnaire and a description of the study by post. 1322 (62.9%) families returned the questionnaire to the NICU at which their child was born; the information was made anonymous before being sent to us for analysis. This procedure complies with the German data protection laws. The study was approved by the Ethics Committee of the University of Tuebingen (Germany) [#48/2004] and the Ethics Committee of the State Chamber of Physicians (Landesärz-tekammer Baden-Wuerttemberg, # M-048-04).
Data on gestational age, date of birth, weight, length and head circumference at birth were extracted from birth records. Values for weight, length (height after 2 y of age), and head circumference were taken, as documented by the family physician/paediatrician within the framework of the German paediatric examination ("Untersuchungen") system (18) . These "U" measurements are scheduled at 6 wk (U3), 16 wk (U4), 6 mo (U5), 12 mo (U6), 24 mo (U7), 48 mo (U8) and 60 mo (U9). Since the measurement of anthropometrical parameters in this system is not standardised, each family was given a measuring tape (Schneider Massband No 819/10; accuracy 1 mm) and instructions for measuring their child's as well as their own height. The mean variance between measurements by the parents and those done by our staff using an electronic stadiometer (Prof. Heinz Stadiometer, Ulm) (n ϭ 35) was 0.9 mm. We did not include parental measurements of head circumference, as they were inaccurate; in addition, head circumference data at 60 mo (U9) were unavailable.
Statistical analyses. Anthropometrical variables of birth weight, length and head circumference data were compared against references devised by Usher and McLean (19) , and are expressed as SD scores relating to gestational age (GA): [SDS ϭ (parameter of patient minus mean of reference)/SD of mean of reference]. The extrapolation of SD scores for the data of neonates born Ͻ25 gestational weeks were based on Usher and McLean's references. Children with birth weight and/or birth length values below the 10 th centile ( ϭ Ϫ1.282 SDS) were considered to be SGA. Swiss references (20) ethnically representative of our south German population were applied for transforming postnatal anthropometrical data into age-related SD scores. Age values were adjusted for prematurity (GA minus age at the time of examination) up to age two. Mid-parental height (MPH) SD scores were calculated by averaging the height SD scores of both parents. Anthropometrical data are given here as means and SD scores. Quantitative variances between the groups were tested by means of ANOVA or unpaired t tests. A p Ͻ 0.01 was taken to indicate significance. Categorical variables were analyzed through the 2 test and Fisher's exact test when indicated. Data were analyzed by means of SAS, JMP®.
Height prediction. Multiple regression analysis was used to study the correlation between height SD scores at 5 y of age (U9) and the following variables: (1) status at birth: sex, gestational age (GA), SD scores for weight, length and head circumference; (2) genetic background: SD scores for maternal height, paternal height and MPH; (3) variables at follow-up: SD scores at age 1 (U6) for length, weight and head circumference; and SD scores for gain in weight/length between age 1 and 2 (U6 to U7) and gain in head circumference. We developed prediction models through multiple linear regression analysis fitted by least squares and the REG procedure in the SAS computer programme (version 9.1.3, SAS Institute, Inc., Cary, N.C., USA). A hierarchy of predictive factors was derived by the all-possible regression approach, using Mallow's C(p) criterion for ordering predictive factors (21) . Two models were generated: the first one applying data from birth to age one; the second model additionally included data up to age two. The method of Bland and Altman (22) was used to diagnose outliers, nonlinearity, and nonconstant error variance in the prediction models. Both models were recalculated by taking 50% random sample of the population (learning sample) and the remaining 50% was used to validate the models.
RESULTS
Of the 2040 families of VLBW children, 1322 responded to our questionnaire. Due to discrepancies in gestational age in the documents of two children, they could not be classified as either SGA or AGA. Thus data on length/height were available for 1320 children at birth, 1254 at U6, 1230 at U7, 1191 at U8, 1102 at U9, and 1300 at follow-up (median age: 6.1 y; 95% range: 4.9 to 7.3 y).
At birth. Anthropometrical characteristics at birth and MPH are listed in Table 1 . Gestational age ranged from 22 to 38 wk for SGA and from 23 to 32 wk for AGA. In our study, 99.5% were born at 36 wk of gestation or earlier. The total VLBW group comprised 1320 infants (680 female, 640 male), and included 730 SGA (414 female, 316 male) and 590 AGA cases (female 266, 324 male). By definition, SD scores for length, weight and head circumference were significantly lower (p Ͻ 0.001) in the SGA cohort than in the AGA cohort. However, there was no difference between the cohorts in MPH SDS, with the values being similar to the reference population. On the whole, there were no statistically significant genderspecific differences between the SGA and AGA subgroups at birth (with the exception of head circumference in girls).
Postnatal development. Table 2 shows the parameters measured up to U9 in the SGA and AGA groups. SGA values were consistently and significantly lower (p Ͻ 0.001) than the AGA cohort. Whereas length/height SDS in the SGA group rose from Ϫ2.5 SDS (mean) at birth to Ϫ1.1 SDS at U6 (p Ͻ There were minor changes in the SD scores for height between U9 (5.2 yrs) and follow-up (6.1 yrs). The pattern of height development was similar ( Table 2 ). The pattern of length/ height SDS in the two cohorts is depicted in Fig. 1 . Head circumference decreased gradually from Ϫ1.0 SDS at birth to Ϫ1.4 SDS at U8 in the SGA cohort (p Ͻ 0.001), and decreased from 0.5 SDS at birth to Ϫ0.8 SDS at U8 in the AGA cohort (p Ͻ 0.001). Thus there was a difference in the pattern of postnatal development of the three anthropometrical variables between the two cohorts. Up to U6 there was no difference between boys and girls in the SGA and AGA cohorts. However, at U8 and later, boys tended to be shorter, lighter and have a lower head circumference, in the SGA as well as in AGA group (Table 3) .
After subdividing the two groups according to height outcome (above or below Ϫ2.0 SDS) at U9, differences in the growth patterns emerged (Table 4 ). There were 87 (15.9%) SGA children below and 459 above the score, whereas in the AGA group 47 (11.1%) were below and 376 above, respectively. (Results pertain exclusively to children for whom data for all parameters were available). There were no differences in gestational age within each group. Children in the SGA group with short parents had a low height outcome and gained less length and weight SDS during the first year in comparison to those with height outcomes in the normal range. Some AGA children also had small parents. Our results showed that decrease in length and weight SDS during the first year was higher than in AGA children whose height was in the normal range. These analyses indicate that the degree of catch-up growth during the early postnatal years strongly influences childhood height. The percentage of smallness (length/height below -2.0 SDS) during childhood development is illustrated in Fig. 2 .
Growth predictors and prediction models. Two prediction models for height SDS at age 5 (U9) were established. In the first model (M1), explanatory variables available at age one (U6) were considered; in the second model (M2) all explanatory variables available up to age 2 (U7) were involved. All explanatory variables were considered significant if the P was Ͻ0.005. Explanatory variables that showed no influence on the models included gestational age, birth length, sex, and head circumference. Table 5 shows the predictors and their specific contributions to the models.
The first model (M1) was based on four predictors (in order of importance): height SDS at U6, MPH SDS, weight SDS at U6, birth weight SDS. They accounted for 52% of the variance with an error of 0. The second model (M2) was based on six predictors (in order of importance): height SDS at U6, change in height SDS from U6 to U7, change in weight SDS from U6 to U7, MPH SDS, weight SDS at U6, birth weight SDS. They accounted for 72% of the Validation of the models. We used two methods to validate the models. The first was the Bland and Altman method (22), which uses predicted height and the observed height SDS at U9: it showed no discrepancies in the relation to the magnitude of height or outliers. However, if height values are greater, it is likely that a small underestimation in predicted height emerges, which is statistically unremarkable if the numbers of cases are about 1,000. Secondly, we re-calculated both models by using a 50% random sample from the U9 group and the resulting model was applied to the remaining 50% of the same group. Figure 3 shows scatter plots for predicted versus. observed height at U9 for the 50% learning sample and the 50% validation sample for model 2. A covariance analysis showed no statistically significant difference (p Ͻ 0.001) between both regression lines in both models.
The prediction models for U9 (5.2 yrs) were also used to predict the height at follow-up (6.1 yrs). The regression equation for the follow-up value and the predicted height at U9 was: Ht SDS (6.1 yrs) ϭ (0.130 ϩ 0.976 ϫ Ht SDS) (U9). The intercept indicates the slight increase in height SDS between year 5 and 6.
DISCUSSION
Increasing numbers of premature children survive in the developed countries (23) (24) (25) owing to improvements in perinatal care (1, 26, 27) , among them being 90% with a birth weight Ͻ1500 g (VLBW). The long-term implications of prematurity have led to several questions being raised, in particular with regard to health impairments and height outcome. Investigations of the somatic development of these children gained importance after permanent short stature was observed in a fraction of children born SGA (11) (12) (13) (14) ; for whom growth hormone treatment is meanwhile accepted practice (28) . The focus on this group intensified after Barker and colleagues showed that smallness at birth was the strongest predictor of the metabolic syndrome in mature adult life (29) . Most investigations were based on the data of children with 
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low birth weight, i.e., 1500 -2500 g. Since VLBW is associated with several adverse events during the perinatal stage (ventilation problems, infections, insufficient nutrition), we hypothesized that impairments in the somatic outcome of these children would be identifiable not only in SGA but also in AGA children.
Ours is the first study on a complete VLBW cohort over 2 successive years in a German state, thus being a representative sample. We had datasets for 1320 (62.9%) out of 2040 survivors born VLBW (97% of VLBW births). Our approach involved the collection and analysis of anthropometrical measurements from the family physicians' records (18) as well as those taken by the family following our instructions. This approach has proved to be practical and methodologically acceptable. The references applied in our analysis are widely accepted by German neonatologists (19) and/or are truly representative for the south-western region of Germany we studied (20) .
We observed rapid catch-up in the total cohort during the first year, followed by gradual height increment subsequently. The proportion of short children (ϽϪ2 SDS) was 14.1% at age 5 and 11.1% at age 6. Our findings showed that, while the SGA cohort mainly caught up during the first year, 16.6% continued to be short at age 5 and 13.4% at age 6. In the AGA cohort, 10.9% were short at age 5 and 8.3% at age 6. These findings confirm the results of other investigators (3, 15, 16) . VLBW children born SGA tended to be short at 5/6 y of age if low height gain occurred during the first year of life, if no substantial weight gain was observed during that time and if their parents were relatively short. VLBW children born AGA also tended to be short at 5/6 y of age if height/weight gain was not appropriate during the first two years and also if their parents were shorter than their counterparts in the study.
As in our study, some investigators of height development in very premature children focused on growth and development up to early school age (4, 5, 8, 9, 30, 31) . Others followed their subjects up to higher ages (3, 15, 32) , and very few studied adults (premature at birth) (6, 7, 16, 33, 34) . Although catch-up growth can occur after the age of 5 or 6 (32), most authors presume that little height gain ensues if height is diminished at the age of 5 (15, 33) or 8 y (6, 33) . European authorities have not approved of GH treatment in SGA children before age 4, a decision based on the assumption that catch-up may occur.
Several studies have attempted the prediction of height outcome in children born with low birth weight. Kitchen et al. (4) analyzed an Australian cohort of 135 VLBW children at age 5, with height below the 10th centile in 34 (25%) children at age two and 31 (23%) children at age five. Multivariate analyses at age 5 showed that the most important predictor was height at age 2. In a further study (35) involving 165 VLBW children, the authors reported that height in 56 (34%) children was below the 10th centile at age 2 and 33 (59%) children were below the 10th centile at age 5. Their study suggested that prenatal variables were stronger determinants of growth failure during childhood than ill health after birth.
Qvigstad et al. (31) analyzed 565 VLBW children (up to 5 y of age) from a national survey in the Netherlands. In 32% of the SGA children, height was below the 10th centile, compared with 23% in the AGA group. Using the 5th centile as the cut-off, the respective percentages were 26% and 22%. Their results showed that 85% of the variability (height Ͻ10th centile) could be predicted (all parameters correlated positively) by length at 1 y, height at 2 y, weight at two years, parental height, parental level of education and hypertension during pregnancy.
Ours is the first study of a very large cohort of VLBW children, from a homogeneous region, which aimed at predicting height at the age of 5 (and 6) years. We took the "all possible regression approach" which allows the calculation of the independent effect of easily accessible anthropometrical variables at ages 1 and 2. The predicted variability for these regression equations was high at 52% for age one and 72% for age 2; and involved a low margin of error. The most important predictors were height at age one and the difference in height between ages 1 and 2. Thus, these prediction equations make it possible -with a high degree of certainty -to identify the children likely to achieve normal height by the time of school admission, as well to differentiate those children who are likely to remain short. More importantly, such differentiation is essential for further improvements in the structure and organisation of paediatric examination systems for children born prematurely. Since height gain between 5 and 6 y of age is negligible, the models can also be applied to height prediction for age 6. Based on these algorithms it may be predicted that children who are very short at age two are unlikely to reach normal height during childhood. Our data support the concept of Wit et al. 2006 (36) that the preterm growth restraint in some prematurely born AGA children leads to permanent short stature.
